Purpose: To evaluate the effects of rotator cuff muscle regeneration in sheep and establish an experimental model for the use of autologous stem cells as a treatment option for tendon injuries.
circulating sage, and brain, which promote the renewal of cells that have been lost by natural wear, injury, or disease 8 . The present study aimed to evaluate rotator cuff muscle degeneration in sheep and establish an experimental model for the use of autologous stem cells as a treatment option for tendon injuries.
■ Methods
This work was evaluated and approved by the Animal Use Ethics Committee, Universidade Federal Fluminense (protocol no. 089/06).
Experimental groups
Six clinically healthy female sheep of the Santa Inês breed (aged 2 to 4 years with an average weight of 30 kg) were used. The left and right shoulders of the sheep were used and a total of 12 shoulders were obtained. To simplify understanding of the study, the shoulders are referred to and not the individual sheep. Tenotomies of the infraspinatus muscle and suture of the "Penrose" drain were performed to avoid regeneration. The shoulders were divided into two groups. Figure 1 shows an explanatory scheme of the experimental procedure. 
■ Introduction
The rupture of tendons of shoulder muscles may be responsible for the muscular degeneration that has been affecting a large part of the human population. In histopathological analysis, this condition is characterized by the infiltration of fat cells into muscle tissue 1 .
The most important consequence of degeneration is loss of muscle function and range of motion, leading to functional and structural changes in skeletal muscles. Preliminary studies have shown that degeneration may involve all muscles that have tendon rupture [1] [2] [3] [4] Fatty degeneration is an important prognostic factor for rotator cuff surgeries 3 muscle denervation and tendon tear. Whereas after nerve injury muscle atrophies in the denervated area, the distribution of muscle atrophy following tear of its tendon is not known. Standardized MRI scans of 64 consecutive, painful shoulders were evaluated for supraspinatus tendon tearing, myotendinous retraction, supraspinatus muscle atrophy, fatty infiltration, ratio of the scapular (deep. This condition is progressive over time and accompanied with a weakness of muscle function, although it diminishes after repair; moreover, it is a factor that predicts repairability of the tendon and substantially influences the clinical outcome of surgical intervention 1, 3, 5, 6 Given the hypocellularity and hypovascularisation of tendon tissues, the natural healing potential is extremely low and inefficient, with significant dysfunction and disability. The application of stem cells can considerably improve the repair of tendon ruptures
.
The study of stem cells is based on cell differentiation that occurs in embryos, where different tissues are generated from a single cell. We can also find discrete populations of stem cells in the bone marrow, muscle, Group 1 was composed of six shoulders of different animals that underwent tenotomies and suture of a "Penrose" drain and then underwent a new surgical procedure after 60 days post-injury for drainage removal and collection of stromal cells of the medulla ( Figure  2 ). After quantification and expansion, the cells were transplanted at the site of tendon injury the day after this procedure. Muscle biopsies were performed 14 days after the repair (74 days after injury) on three shoulders and at 34 days after repair (94 days after injury) on the other three shoulders. Group 2 was composed of six shoulders of different animals that underwent tenotomies and suture of a "Penrose" drain and then submitted to a new surgical procedure for the drainage and the application of saline solution after 60 days post-injury. Moreover, muscle biopsies were performed at 14 days (74 days after injury) on 3 shoulders and at 34 days (94 days after injury) on 3 other shoulders.
Surgical technique
The animals were pre-medicated with ketamine hydrochloride (Vetnil ® , Louveira-SP, Brazil) at the dose of 10 mg/kg intramuscularly, intubated, and induced with 1% propofol (2-4 mg/kg) intravenously. Anesthetic maintenance was performed using 1% isoflurane. On the day of the surgical procedure and on the first three postoperative days, 4 mg/kg carprofen (Zoetes ® , Benfica-RJ, Brazil) was administered for analgesia. Antibiotic therapy with 14,400 IU/kg penicillin, 6 g/kg streptomycin, and dihydrostreptomycin (Zoetes ® , Benfica-RJ, Brazil) was conducted intramuscularly once every 5 days. All surgical procedures were performed with wide tricotomy and routine aseptic and antisepsis procedures under the effect of general anesthesia.
Histopathological analysis of biopsies
After removal of the drain, "Penrose" biopsies were performed in groups 1 and 2 at with 74 and 94 days post-injury, respectively. The collected samples were fixed in 10% formalin and processed in paraffin by the usual histological techniques for hematoxylin and eosin.
To evaluate fatty infiltration, we established groups varying from stage 0 to stage 5, in which the samples in stage 0 presented with normal morphology. In the stage 1 samples, we noticed a discrete fat infiltration that occurred only in the perimysium. By contrast, the samples in stage 2 presented a fatty infiltration in the perimysium and a discrete fat infiltration in the endomysium. Stage 3 was characterized by moderate infiltration both in the endomysium and perimysium. In stage 4, infiltration occurred in both leaflets, but it was considered intense only in the perimysium. Finally, at stage 5, fatty infiltration occurred intensely in both the endomysium and perimysium.
■ Results

Post-surgical recovery
The animals exhibited good postsurgical recovery. They remained in their stations, walked immediately after the procedure, and presented slight claudication only at gallop.
Histopathological analysis of biopsies
In the gurpo1, after 14 days of the surgical procedure of repair of the tendon and implantation of stem cells, the performed biopsies demonstrated an inflammatory infiltrate that varied from discrete to accentuated, multifocal to perivascular, and with the presence of mononucleated cells. Fatty infiltration was characterized in grade 4 with moderate presence of fat tissue both in the endomysium and perimysium (Figure 3) . Areas of hemorrhages were observed at the borders in some samples with necrosis and fibrosis. A decrease in fiber size was noted in some samples, and hyaline degeneration was found in others. Neovascularization was observed in adipose tissue and tendinous tissue in one of the samples.
Samples collected at 34 days after surgical repair of the tendon and implantation of stem cells demonstrated decreased fatty infiltration at grade 1, that is, in the injured area ( Figure 3) . The presence of satellite cells and a discrete moderate infiltrate of mononuclear cells were observed. Bleeding was evidenced in several areas with fibrosis and necrosis. The fiber arrangements were disorganized, somewhat diminished in size, and atrophied. Discrete fibrosis may also be observed in the endomysium and perimysium. These samples exhibited tendinous tissue, and neovascularization and scarce mixed inflammatory infiltrate were observed. In group 2, at 14 days after the repair, the collected samples showed grade 5 of fatty infiltration, with intense presence of endomysial and perimysium fat tissue in all the samples and neovascularization in several areas, including the adipose tissue itself. The inflammatory infiltrate, in turn, was diffuse, ranging from discrete to moderate with presence of mononuclear and mixed infiltrate. Hemorrhagic areas were evidenced at different sites in the samples, as well as necrosis and fibrosis of muscle fibers that were disorganized and with decreased size, thereby indicating atrophy. Hyaline degeneration occurred in all samples of this period, and hemoglobin pigments were not observed in the samples. The presence of tendinous tissue was observed in all samples.
A discrete to moderate inflammatory infiltrate with presence of mononuclear cells with hemorrhages at the borders and in several areas of the samples was observed in the samples collected 34 days after the repair, without the use of stem cells. Fatty infiltration was characterized between grades 4 and 5 with the presence of adipose tissue in both the endomysium and perimysium of all samples. The muscle fibers were disorganized, with intense necrosis. The presence of tendinous tissue was evidenced in two samples, in which neovascularization, hemorrhage, and mixed inflammatory infiltrate scarce or absent were observed.
■ Discussion
The use of sheep as an experimental model for muscular injuries is scarce in the literature. The results observed in this study demonstrated that the response to the lesion developed by sheep was more similar to that described in human studies than in rabbits 1, [9] [10] [11] Thus, sheep are good experimental models for the evaluation of muscle injury.
The ewes underwent a complete rupture in the insertion of the tendon of the infraspinatus muscle to develop fatty degeneration because of the disuse and denervation provoked in this muscle. This choice of tendon was based on 1 who described that rupture of tendon degeneration does not regress even after repair and may even increase. The use of the "Penrose" drain was incorporated into the protocol to prevent adherence and subsequent muscle regeneration.
The major consequences of disuse, caused by the degeneration or deprivation of the muscle, depend on the thickness of the tendon and the time of evolution of this lesion 12 .
According to Terra and coworkers 13 , the earlier the repair is performed, the later complications will be less than 20%. The data obtained in the present experiment reveal that degeneration is already well established in a relatively short time of 60 days after tendon rupture. In spite of the development of degeneration and total rupture of the tendon of the infraspinatus muscle, the animals were clinically normal. They demonstrated only weak claudication at the gallop and pain palpation of the incised area only in the first postoperative days, and some stopped feeding or became apathetic.
Joint and muscle problems are common in humans, and the shoulder is the joint of greater mobility and instability of the human body; therefore, the shoulder is prone to dislocations 14 . Muscle mass changes and degeneration processes can lead to tendon rupture, loss of movement, and much pain. The loss of the capacity to develop tension of the muscles that suffered injury promoted degeneration by disuse. Rotator cuff lesions are a significant source of shoulder pain in humans, and they occur mainly in patients between 40 and 60 years of age and may be traumatic or of degenerative origin 15 . Classification based solely on histopathological findings is difficult to apply clinically; another symptom-based classification that divides tendinopathies into mild, moderate, and severe seems to be more enlightening 16 . In the histopathological analysis of the muscular samples of this study, the presence of muscular degeneration was observed even after tenorrhaphy. In a symptomatic analysis, we observed that the animals presented clinically well, with light claudication only in the gallop.
According to previous studies 1, 2, 5 , the indication of repair of the rotator cuff tendon should be performed as soon as possible, because the time between diagnosis and surgical repair is what determines the success of the regeneration. In this study, complete regeneration of the muscle pattern did not occur in any sample although some muscle gain was obtained in the group 1 samples at 34 days after repair and introduction of stem cells. Fatty infiltration of these samples from group 1 at 34 days was less intense than that in samples from group 2 at 34 days after repair without the introduction of autologous precursor cells.
The inflammatory infiltrate, ranging from mild to moderate, was present in all muscle samples. What is in agreement with the findings of in which it identified in animals the presence of inflammatory cells in the tendon posterior to the surgical section of the same 17 . The absence of inflammatory cells were reported in lesions caused by ruptures of the rotator cuff tendons, short radial extensor carpal, patellar, and Achilles in humans, different from the results observed in this study 10 . However, Fávaro et al. 17 obtained good results at 2 and 4 weeks after the implantation of stem cells that promoted the remodeling of the tendon in the early stages of cicatrization.
The presence of satellite cells in the muscular interstitium should be considered according to Fávaro et al. 17 ; once preserved, these cells play an important role in muscle regeneration and restoration of functions previously developed by the musculature. In this way, they can reverse the greasy degeneration and provide the development of new muscle cells. After tendon rupture, these satellite cells may not be conserved, so the use of cell therapy with autologous bone marrow stem cell implant associated with the repair may be important, because these cells play a role similar to satellite cells 17, 18 .
■ Conclusions
The experimental model used was adequate for the study of the fatty infiltration of rotator cuff muscle tissue. Moreover, the use of autologous stem cells as a treatment option was reasonable. Cell therapy repair through autologous bone marrow stem cell implantation at the lesion site represented reinforcement for muscle regeneration. 
